Changes in bioactive compounds and antioxidant capacity of fresh-cut cashew apple  by Queiroz, Christiane et al.
Food Research International 44 (2011) 1459–1462
Contents lists available at ScienceDirect
Food Research International
j ourna l homepage: www.e lsev ie r.com/ locate / foodresChanges in bioactive compounds and antioxidant capacity of fresh-cut cashew apple
Christiane Queiroz, Maria Lúcia M. Lopes, Eliane Fialho, Vera Lúcia Valente-Mesquita ⁎
Departamento de Nutrição Básica e Experimental, Instituto de Nutrição Josué de Castro, Universidade Federal do Rio de Janeiro, Avenida Carlos Chagas Filho, 393 RJ 21941-590, Brazil⁎ Corresponding author. Tel.: +55 21 25626449.
E-mail address: valentem@nutricao.ufrj.br (V.L. Vale
0963-9969 © 2011 Elsevier Ltd.
doi:10.1016/j.foodres.2011.03.021
Open access under the Elsea b s t r a c ta r t i c l e i n f oArticle history:
Received 8 November 2010
Accepted 8 March 2011
Keywords:
Temperature
Storage
Injury
Polyphenols
Ascorbic acid
Cashew apple
Antioxidant capacityIn this study, ascorbic acid, total polyphenols and proanthocyanidins of fresh-cut cashew apple were
quantiﬁed. Antioxidant capacity was determined in whole juice and in polyphenols extracts by three
methods: 2,2-diphenyl-1-picrylhydrazyl (DPPH), ferric reducing antioxidant power (FRAP) and β-carotene
bleaching. Effect of cutting and storage for 24 h at 2 °C, 27 °C and 40 °C on these compounds were also
evaluated. Cashew apple presented 163 mg of ascorbic acid per 100 g of fresh weight (FW). Soluble and
hydrolysable polyphenols contents were 12.79 mg GAE/100 g FW and 18.53 mg GAE/100 g FW and
proanthocyanidins were 9.27 mg/100 g FW. Antioxidant capacity of juice and polyphenols extract was high
for DPPH method. Storage temperatures affected bioactive compounds on cut cashew apple. The content of
ascorbic acid decreased in all temperatures. Proanthocyanidins were more sensitive to 40 °C than to other
temperatures. The content of polyphenols and antioxidant capacity of juice by DPPH assay did not change.
However, the reducing power was lower in samples kept at high temperatures. A strong positive correlation
between ascorbic acid and FRAP (r=0.99) and a negative correlation between DPPH and FRAP (r=−0.79)
were observed. No correlations were found between polyphenols and antioxidant capacity indicating the
importance of phenolic composition in the extracts. The results conﬁrm the importance of temperature and
injury on the quality of cashew apple.nte-Mesquita).
vier OA license. © 2011 Elsevier Ltd. Open access under the Elsevier OA license. 1. Introduction
Evidences suggest that a diet high in fruits and vegetables may
decrease the risk of chronic diseases, due to low fat content and high
levels of ﬁber and antioxidant substances, such as ascorbic acid and
polyphenols (WHO, 2003).
Cashew tree (Anacardium occidentale, L.) is native from Brazil and
its culture has a large socioeconomic importance to the northeast
region of the country and for many countries, including India and
some African countries (Petinari & Tarsitano, 2002). The cashew nut is
deﬁned botanically as the fruit and is the main exportation product
(EMBRAPA, 2007). The peduncle, also known as cashew apple, is juicy,
has a pleasant ﬂavor and it is preferably marketed as frozen pulp,
juice, and nectar. The fragile skin of cashew apple makes it sensible to
mechanical damages and also affects its perishability, requiring care
during transportation of raw fruits. For example, in Brazil, the states of
the Northeast are the major producers and are distant 3000 km from
the major consumption centers of the Southeast and the fruits are
transported via highways.
During the postharvest processing (handling, packaging and
transport), the fruits are subject to various stresses such as
mechanical damage, high temperatures and prolonged storage thatcan enhance perishability of fresh produce. Wounding (cutting)
causes physiological and metabolic changes, by increasing respiration
rate and ethylene production, tissue softening, loss of ﬂavor and color
(Hodges & Toivonen, 2008). Additionally, cutting increases polyphe-
nol oxidase activity in cashew apple, resulting in tissue browning
(Queiroz, Silva, Lopes, Fialho, & Valente-Mesquita, 2011). The
inadequate storage conditions can expose the fruit to temperatures
of 40 °C (recorded in the Brazilian summer), which in association to
possible physical damage from handling can lead to decreased
nutritional value.
Cashew apple presents high contents of ascorbic acid, minerals,
organic acids, phenolic compounds and carbohydrates. Fresh cashew
apple juice contains about 200 mg/100 mL of ascorbic acid (Lavinas,
Almeida, Miguel, Lopes, & Valente-Mesquita, 2006), ﬁve times higher
than the content reported for orange (Silva, Oliveira, Lopes, & Valente-
Mesquita, 2007). In addition, several compounds with antioxidant
capacity suchas carotenoids (Assunção&Mercadante, 2003),ﬂavonoids
(Brito, Araújo, Lin, & Harnly, 2007), phenolic acids (Michodjehoun-
Mestres et al., 2009a), tannins (Michodjehoun-Mestres, Souquet,
Fulcrand, Meudec, Reynes & Brillouet, 2009b) and anacardic acids
(Kubo, Masuoka, Ha, & Tsujimoto, 2006; Trevisan et al., 2006) have
already been identiﬁed.
The aim of this study was to investigate the inﬂuence of injury and
storage temperature on the contents of ascorbic acid, total poly-
phenols and proanthocyanidin, as well as on the antioxidant capacity
of cashew apple.
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2.1. Materials
Gallic acid, ascorbic acid (AA), catechin, 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ), β-carotene and linoleic
acid were obtained from Sigma-Aldrich (St. Louis, MO, USA). Folin–
Ciocalteu's reagent, 2,4-dichlorophenol indophenol was purchased from
Merck (Berlin, Germany). All other chemicals were of analytical grade.
2.2. Sample preparation
Cashew apples were harvested at commercial maturity stage in
Ceará, Brazil and acquired at a local market center in Rio de Janeiro,
Brazil from March to July 2009. Fruits were sanitized, nuts were
removed and the peduncles were cut in small parts (1 cm3). These
samples were placed into plastic boxes covered with polyvinyl
chloride ﬁlm and stored at 2 °C (refrigeration temperature), 27 °C
(room temperature) and 40 °C (extreme temperature in summer)
until 24 h. The samples were not protected from light, since these
procedures were designed to simulate the conditions that cashews
may be exposed in the postharvest period. Juices were obtained
before (control) and after storage in a juice extractor (Samsom GB-
9001, Greenbison Inc., USA) without water addition, packaged in a
vacuum sealer (TecMaq, TM250 Liquid, São Paulo, Brazil) (atmo-
sphere containing less than 1% O2) and stored at−22 °C until further
analyses.
2.3. Ascorbic acid
The ascorbic acid analysis was performed by the ofﬁcial method of
the Association of Ofﬁcial Analytical Chemists (AOAC, 1984), modiﬁed
by Benassi and Antunes (1988). Aliquots of 10 mL of cashew apple
juice were diluted in 90 mL of oxalic acid (1%) for titration with 0.2%
dichlorophenol–indophenol. Results were obtained as milligrams of
reduced AA per 100 mg per fresh weight (FW).
2.4. Phenolic compounds
Soluble and hydrolysable polyphenols were extracted according to
Vinson, Su, Zubik, and Bose (2001). For soluble polyphenols, 0.5 mL of
50%methanol/water were added to 0.1 mL of juice in screw cap tubes,
mixed for 1 min and heated at 90 °C for 3 h. After this time the
samples were cooled and diluted to 1 mL with methanol. After
centrifugation for 5 min at 5000 rpm, supernatant was used as
polyphenols extract. Hydrolyzed polyphenols were extracted with
0.5 mL of 1.2 M HCl in 50% methanol/water and treated as above.
Phenolic compounds were determined by the colorimetric method of
Singleton, Orthofer, and Lamuela-Raventos (1999) using the Folin–
Ciocalteu's reagent and gallic acid as standard. Results are expressed
as milligrams of gallic acid equivalents/100 g FW.
2.5. Proanthocyanidins
Proanthocyanidins in samples were determined by the vanilin–HCl
assay as described by Nakamura, Sumikio, and Tonogai (2003). In a test
tube were added 1 mL of sample or standard, 2.5 mL of 1% vanillin
solution in methanol and 2.5 mL of 9 N HCl in methanol. The reaction
mixture was incubated for 20 min at 30 °C and the absorbance at
500 nm was measured. Catechin (0–300 mM) was used as standard.
2.6. Antioxidant capacity
The antioxidant capacity was evaluated by three methods: DPPH,
ferric reducing antioxidantpower (FRAP) andβ-carotenebleaching. The
free radical-scavenging effect on DPPH radical wasmeasured accordingto Duan, Jiang, Su, Zhang, and Shi (2007). In this assay, 100 μL of cashew
apple juice or polyphenols extracts and 3.9 mL of 100 μMDPPH solution
weremixed. The absorbancewas set at 517 nmand itwas recorded after
30 min. The antioxidant capacity was represented as percentage of
radical inhibition remaining after each time according to the equation: %
DPPH inhibition=(A0−A30)×100/A0, where A0 represents the absor-
bance of DPPH solution alone measured at zero time, and A30 is the
absorbance for each sample after 30 min of reaction.
The FRAP assay measures the antioxidant potential of compounds
to reduce the Fe+3 in acidic pH and it was performed according to
Pantelidis, Vasilakakis, Manganaris, and Diamantidis (2007). FRAP
reagent was freshly prepared from 300 mM acetate buffer (pH 3.6),
20 mM ferric chloride and 10 mM TPTZ made up in 40 mM HCl. All
three solutions were mixed in the ratio 10:1:1. Cashew apple juice
(20 μL) was previously diluted in water (1980 μL) and 15 μL of this
solutionwas added to 285 μL of FRAP reagent. The absorbancewas read
at 593 nm after 30 min in the absence of light. A calibration curve of AA
(0.1–2 mM) was used, and results were expressed as AA concentration
(mM).
The β-carotene bleaching method is based on β-carotene oxidation
induced by the products from linoleic acid oxidative degradation. This
assaywas performed following the procedure described in the literature
(Hammerschmidt & Pratt, 1978; Marco, 1968) with modiﬁcations.
Solutions were prepared by mixing 1 mL of β-carotene/linoleic acid
system solution and 0.1 mL of polyphenols extracts. Themixwas kept in
a water bath at 50 °C. Spectrophotometric readings were made at
470 nm after themixing and then at 30 min intervals until 120 min. The
antioxidant capacity was represented as percentage of oxidation
inhibition, in relation to control oxidation (no antioxidants), according
to the equation: % oxidation inhibition=(Oxidation control−Oxidation
sample)×100/oxidation control, where ‘oxidation control’ is the
degradation rate of control sample (no antioxidants), and ‘oxidation
sample’ is the degradation rate for each sample.
2.7. Statistical analysis
All data are presented as means (±standard error) of two
independent experiments (n=2), each experiment had a minimum
of two replicates of each sample. Data were analyzed by GraphPad
Prism for Windows Version 5.0 to apply one-way analysis of variance
(ANOVA), Pearson's correlation and differences among means were
determined (p≤0.05) using Tukey's test.
3. Results and discussion
Ascorbic acid, polyphenols and proanthocyanidins contents of
cashew apple are summarized on Table 1. Cashew apple is an
important source of ascorbic acid, presenting 163 mg/100 g, which
corresponds to 193 mg/100 mL of juice, and it is in accordance to
levels ranging from 130 to 190 mg/100 mL described on literature
(Ruﬁno et al., 2010; Lavinas et al., 2006). After cutting, a decrease on
ascorbic acid content, from 12% to 38% was observed, in all storage
temperatures, showing its high sensitivity to oxygen. Lavinas et al.
(2006) observed reduction of around 5% on ascorbic acid in cashew
apple juice stored at 2 °C and 23 °C for 24 h, while Silva et al. (2007)
did not observe modiﬁcations on ascorbic acid content in orange juice
stored at 4 °C and 23 °C for 24 h. These differences may be due to
larger surface available for oxygen contact when cashew apples were
stored cut in pieces than as juice. Stability of ascorbic acid can change
depending on the fruit pH, since low pH protects this compound from
oxidation. The pH of orange juice was 3.3, while the cashew apple
juice was 4.3 (Silva et al., 2007; Lavinas et al., 2006). Ascorbic acid
content was lower at higher temperatures, but no signiﬁcant
difference was observed between 27 °C and 40 °C.
Soluble and hydrolysable polyphenols contents were 12.79 mg
GAE/100 g FW and 18.53 mg GAE/100 g FW in control sample,
Table 1
Ascorbic acid, total polyphenols and proanthocyanidin contents of cut cashew apple
stored at different temperatures for 24 h.
Ascorbic acid
(mg/100 g FW)
Total polyphenols
(mg GAE/100 g FW)
Proanthocyanidins
(mg/100 g FW)
Soluble Hydrolysable
Control 163.3±2.68a 12.79±1.95a 18.53±1.14a 9.27±0.26a
2 °C 143.3±1.48b 14.46±1.16a 20.97±0.79a 8.47±0.69a
27 °C 100.5±2.56c 17.00±1.14a 21.23±0.46a 8.41±0.29a
40 °C 109.4±4.83c 10.52±2.31a 16.86±2.30a 2.47±0.02b
Values represent mean±standard error of two independent experiments (n=2).
Means followed by the same letter in the same column do not differ signiﬁcantly by the
Tukey's test at the 5% probability level.
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Fig. 1. Antioxidant capacity of cashew apple juice and polyphenols extracts measured
by (a) DPPH, (b) FRAP and (c) β-carotene/linoleic acid methods. White bars represent
the juice, gray bars the soluble polyphenols extracts and black bars are the hydrolysable
polyphenols extracts. Bars with same color and signed by same letter do not differ
signiﬁcantly by the Tukey's test at the 5% probability level.
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(22–118 mg GAE/100 g) (Ruﬁno et al., 2010; Barreto, Souza, Azeredo,
& Mercadante, 2007), due to differences in soil, climate conditions,
growing season, postharvest storage and polyphenols extraction
methods. Plants can activate polyphenols synthesis in response to a
stress situation, such as injury, pathogens or low nutrients (Dixon &
Paiva, 1995). Studies have demonstrated an increase of phenylalanine
ammonia-lyase leading to higher polyphenols levels after cutting of
several fruits (Reyes, Villarreal, & Cisneros-Zevallos, 2007). After 24 h,
the fruits kept at 2 °C and 27 °C showed an increase on phenols
content, but the higher temperature lead to a decrease in these levels.
Despite the numerical differences they were not signiﬁcant. In a
previous work, we identiﬁed phenolic acids from cashew apple and
we observed hydrolysis only at 40 °C, indicating that at 27 °C other
phenolic compounds, such as ﬂavonoids, would be used in defense
mechanisms (Queiroz et al., 2011).
Proanthocyanidins are responsible for typical astringency of some
fruits, but also show strong radical scavenger activity (He et al., 2010).
Michodjehoun-Mestres et al. (2009b) identiﬁed (−)-epigallocatechin
and (−)-epigallocatechin-O-gallate as the major compounds in cashew
apple, followed by minor quantities of (−)-epicatechin and (−)-
epicatechin-3-O-gallate, indicating that cashew apple condensed tan-
nins aremainly built of (−)-epigallocatechin [and/or (+)-gallocatechin]
associated with some (−)-epicatechin [and/or (+)-catechin] units. In
our work, cashew apple presented 9.27 mg/100 g FW of proanthocya-
nidins, lower than those described by Michodjehoun-Mestres, Souquet,
Fulcrand,Meudec, et al. (2009b) (~150 mg/100 g forﬂeshand ~500mg/
100 g for skin) and by Agostini-Costa, Lima, and Lima (2003) (400 mg/
100 g). These differences could be due to the solvent and extraction
methods used. Initial values of proanthocyanidins remained stable after
24 h at 2 °C and 27 °C.However, sample kept at 40 °C showed loss of 25%
of this content, probably due to degradation at high temperature. Apple
pureé stored until 6 months at 30 °C presented reduction of 47% on
proanthocyanidins levels (Oszmiański, Wolniak, Wojdyło, & Wawer,
2008). In contrast, Khanal, Howard, and Prior (2010) reported lower
contents of proanthocyanidns from grape and blueberry pomaces
heated at 60 °C, 105 °C and 125 °C, but no modiﬁcations were observed
at 40 °C.
The antioxidant capacity of a substance is deﬁned as its ability to
scavenge reactive oxygen species and electrophiles. These species are
formed during normal processes in the organism, but their accumu-
lation leads to disease such as cancer. One of the strategies of public
health policies is to promote increased dietary intake of fruits and
vegetables, since they are good sources of natural antioxidants (WHO,
2003). There are several methods to evaluate antioxidant capacity in
food samples. Spectrophotometric assays detect speciﬁc groups of
chemically similar reactive compounds. The FRAP assay and the DPPH
method measure the ability of antioxidants to reduce ferric iron and
2,2 diphenylpicrylhydrazyl, respectively, and β-carotene bleaching
measures the amounts of lipid peroxidation products. Thus, different
results can be found for the same sample, depending on the method
employed. Cashew apple juice presented high antioxidant capacity bytwo methods used (DPPH and FRAP), which can be related to the high
levels of ascorbic acid and phenolic compounds (Fig. 1a and b, white
bars). This data is in accordance to Broinizi et al. (2008) that show
high antioxidant activities in vitro (radical DPPH scavenger) and in
vivo (brain lipoperoxidation). However, Ruﬁno et al. (2010) ranked
cashew apple as medium antioxidant among the 18 Brazilian fruits
analyzed. Cutting and storage did not affect radical DPPH scavenger
capacity, but for FRAP assay, antioxidant activity decreased with
increasing storage temperature, probably due to oxidation of ascorbic
acid in these conditions. It was not possible to evaluate the
antioxidant capacity of cashew apple juice by β-carotene assay due
to juice turbidity that interfered with the absorbance measurements.
Antioxidant capacity was also measured on polyphenols extracts
(Fig. 1, gray and black bars). Hydrolysable polyphenols presented
higher antioxidant activity for all methods used, because phenolics
concentrationswere also higher. Temperature did not affect antioxidant
capacity of hydrolysable extracts, but decreased the capacity of soluble
extracts. Some studies demonstrated the relationship between the
polyphenols concentration and antioxidant capacity of foods (He et al.,
Table 2
Pearson's correlation coefﬁcients (r) between bioactive compounds and antioxidant capacity of cashew apple.
Ascorbic acid Soluble polyphenols Hydrolysable polyphenols Proanthocyanidins DPPH
Soluble polyphenols −0.222
Hydrolysable polyphenols −0.330 0.901⁎
Proanthocyanidins 0.400 0.609 0.486
DPPH −0.590⁎⁎ 0.276 0.389 −0.523
FRAP 0.987⁎ −0.378 −0.450 0.464 −0.790⁎
⁎ Signiﬁcant at pb0.01.
⁎⁎ Signiﬁcant at pb0.05.
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no change in content of phenolic compounds, the antioxidant capacity
of the extract of soluble polyphenols were lower with increasing
temperature . This may indicate that phenolic composition inﬂuences
antioxidant capacity of cashewapple. After cutting, defensemetabolism
is activated and synthesis and oxidation of phenolics occur at the same
time, modifying initial phenolic composition of fruit.
Correlation coefﬁcients for ascorbic acid, soluble and hydrolysable
polyphenols, proanthocyanidins and antioxidant capacity measured
by the DPPH assay and FRAP assay are shown in Table 2. A positive and
signiﬁcant correlation was found between soluble-hydrolysable
polyphenols (r=0.901) and ascorbic acid-FRAP (r=0.987). The
reduction of AA observed with the increasing temperature, accom-
panied by a reduction of FRAP, demonstrates the contribution of this
nutrient to the antioxidant capacity determined by this method.
Negative and signiﬁcant correlation was found between DPPH-
ascorbic acid (r=−0.590) and DPPH-FRAP (r=−0.790), which
demonstrates that other substances with antioxidant activity present
in cashew apple may have greater inﬂuence on scavenging the DPPH
radical.
4. Conclusions
Cashew apple is an important source of ascorbic acid, and also
contains phenolic compounds, such as proanthocyanidins. Its com-
position confers the high antioxidant capacity as observed. However,
injury and storage at inappropriate conditions alter the content of
bioactive compounds and the antioxidant capacity. Postharvest
processing, handling and transporting conditions of fruits should
receive special attention in order to minimize these losses.
Acknowledgments
The authors would like to thank the Fundação Carlos Chagas Filho
de Amparo à Pesquisa do Estado do Rio de Janeiro (FAPERJ) and the
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
(CAPES) for ﬁnancial support.
References
Agostini-Costa, T. S., Lima, A., & Lima,M. V. (2003). Determinação de tanino empedúnculo de
caju: Método da vanilina versus método do butanol ácido. Quimica Nova, 26, 763−765.
AOAC — Association of Ofﬁcial Analytical Chemists (1984). Ofﬁcial methods of analysis
(pp. 16). Washington DC.
Assunção, R. B., & Mercadante, A. Z. (2003). Carotenoids and ascorbic acid from cashew
apple (Anacardium occidentale, L.): A variety and geographic effects. Food
Chemistry, 81(4), 495−502.
Barreto, G. P. M., Souza, A. C. R., Azeredo, H. M. C., & Mercadante, A. Z. (2007). Bioactive
compounds and free radical scavenger activity in ingredients prepared from the
waste of the cashew-apple nut industry. Alimentos e Nutrição, 18(2), 207−213.
Benassi, M. T., & Antunes, A. J. (1988). A comparison of the metaphosphoric and oxalic
acids as extractants solutions for the determination of vitamin C in selected
vegetables. Brazilian Archives of Biology and Technology, 31(4), 507−513.
Brito, E. S., Araújo, M. C. P., Lin, L. -Z., & Harnly, J. (2007). Determination of the ﬂavonoid
components of cashew apple (Anacardium occidentale) by LC-DAD-ESI/MS. Food
Chemistry, 105(3), 1112−1118.
Broinizi, P. R. B., Andrade-Wartha, E. R. S., Silva,A.N.O., Torres,R. P., Azeredo,H.M.C., Alves,
R. E., et al. (2008). Antioxidant properties in cashew apple by product (Anacardiumoccidentale L.): Effect on lipoperoxidation and on the polyunsaturated fatty acids
proﬁle in rats. Brazilian Journal of Pharmaceutical Sciences, 44(4), 773−781.
Dixon, R. A., & Paiva, N. L. (1995). Stress-induced phenylpropanoidmetabolism. The Plant Cell,
7, 1085−1097.
Duan, X., Jiang, Y., Su, X., Zhang, Z., & Shi, J. (2007). Antioxidant properties of
anthocyanins extracted from litchi (Litchi chinensis Sonn.) fruit pericarp tissues in
relation to their role in the pericarp browning. Food Chemistry, 101(4), 1365−1371.
EMBRAPA (). Coleção 500 perguntas 500 respostas sobre o caju. Brasília. Available in:.
http://www.spi.embrapa.br/500p500r/ Access: 21 Sep., 2007.
Hammerschmidt, P. A., & Pratt, D. E. (1978). Phenolic antioxidants of dried soybeans.
Journal of Food Science, 43(2), 556−559.
He, L., Xu, H., Liu, X., He, W., Yuan, F., Hou, Z., et al. (2010). Identiﬁcation of phenolic
compounds from pomegranate (Punica granatum L.) seed residues and investiga-
tion into their antioxidant capacities by HPLC–ABTS+ assay. Food Research
International, doi:10.1016/j.foodres.2010.05.023.
Hodges, D. M., & Toivonen, P. M. A. (2008). Quality of fresh-cut fruits and vegetables as
affected by exposure to abiotic stress. Postharvest Biology and Technology, 48, 155−162.
Khanal, R. C., Howard, L. R., & Prior, R. L. (2010). Effect of heating on the stability of
grape and blueberry pomace procyanidins and total anthocyanins. Food Research
International, 43(5), 1464−1469.
Kubo, I., Masuoka, N., Ha, T. J., & Tsujimoto, K. (2006). Antioxidant activity of anacardic
acids. Food Chemistry, 99(3), 555−562.
Lavinas, F. C., Almeida, N. C., Miguel, M. A. L., Lopes, M. L. M., & Valente-Mesquita, V. L.
(2006). Study of the chemical and microbiological stability of cashew apple juice in
different storage conditions. Ciência e Tecnologia de Alimentos, 26, 875−883.
Marco, G. J. (1968). A rapid method for evaluation of antioxidants. Journal of American
Oil Chemists' Society, 45, 594−598.
Michodjehoun-Mestres, L., Souquet, J. M., Fulcrand, H., Bouchut, C., Reynes, M., &
Brillouet, J. M. (2009). Monomeric phenols of cashew apple (Anacardium
occidentale L.). Food Chemistry, 112(4), 851−857.
Michodjehoun-Mestres, L., Souquet, J. M., Fulcrand, H., Meudec, E., Reynes, M., &
Brillouet, J. M. (2009). Characterization of highly polymerized from skin and ﬂesh
of four cashew apple (Anacardium occidentale L.) genotypes. Food Chemistry, 114
(3), 989−995.
Nakamura, Y., Sumikio, T., & Tonogai, Y. (2003). Analysis of proanthocyanidins in grape
seeds extracts, health foods and grape in seed oils. Journal ofHealth Science, 40, 45−54.
Oszmiański, J., Wolniak, M., Wojdyło, A., & Wawer, I. (2008). Inﬂuence of apple purée
preparation and storage on polyphenol contents and antioxidant activity. Food
Chemistry, 107(4), 1473−1484.
Pantelidis, G. E., Vasilakakis, M., Manganaris, G. A., & Diamantidis, Gr (2007).
Antioxidant capacity, phenol, anthocyanin and ascorbic acid contents in raspber-
ries, blackberries, red currants, gooseberries and Cornelian cherries. Food
Chemistry, 102(3), 777−783.
Petinari, R. A., & Tarsitano, M. A. A. (2002). Cashew (Anacardium occidentale L.)
commercialization in northwest of São Paulo state. Revista Brasileira de Fruticultura,
24, 700−702.
Queiroz, C., Silva, A. J. R., Lopes, M. L. M., Fialho, E., & Valente-Mesquita, V. L. (2011).
Polyphenol oxidase activity, phenolic acid composition and browning in cashewapple
(Anacardium occidentale, L.) after processing. Food Chemistry, 125(1), 128−132.
Reyes, L. F., Villarreal, J. E., & Cisneros-Zevallos, L. (2007). The increase in antioxidant
capacity after wounding depends on the type of fruit or vegetable tissue. Food
Chemistry, 101(3), 1254−1262.
Ruﬁno,M. S.M., Alves, R. E., Brito, E. S., Pérez-Jiménez, J., Saura-Calixto, F., &Mancini-Filho,
J. (2010). Bioactive compounds and antioxidant capacities of 18 non-traditional
tropical fruits from Brazil. Food Chemistry, 121(4), 996−1002.
Silva, P. T., Oliveira, E. F., Lopes, M. L. M., & Valente-Mesquita, V. L. (2007). Estabilidades
química, físico-química e microbiológica do suco de laranja cv. pera submetido a
diferentes condições de estocagem. Boletim do Centro de Pesquisa e Processamento
de Alimentos, 25, 235−246.
Singleton, V. L., Orthofer, R., & Lamuela-Raventos, R. M. (1999). Analysis of total phenols
and oxidization substrates and antioxidants by means of Folin-Ciocalteu reagent.
Methods in Enzymology, 299, 152−177.
Trevisan, M. T. S., Pfundstein, B., Haubner, R., Würtele, G., Spiegelhalder, B., Bartsch, H., et al.
(2006). Characterization of alkyl phenols in cashew (Anacardium occidentale) products
and assay or their antioxidant capacity. Food and Chemical Toxicology, 44, 188−197.
Vinson, J. A., Su, X., Zubik, L., & Bose, P. (2001). Phenol antioxidant quantity and quality
in foods: Fruits. Journal of Agricultural and Food Chemistry, 49(11), 5315−5321.
WHO — World Health Organization (2003). Diet, nutrition and the prevention of
chronic diseases: report of a joint WHO/FAO expert consultation. WHO Reports.
